Objective To investigate the reasons for withdrawal from double-blind randomized trials, and the reasons for changing treatment within a randomized therapeutic group.
Introduction
The cardiovascular bene®ts of treating isolated systolic hypertension have been clearly demonstrated in the Systolic Hypertension in Europe (Syst-Eur) trial [1] but it is important to evaluate carefully any adverse consequences of treatment, and this article reports reasons for withdrawal for patients in the Syst-Eur trial. To fully evaluate the bene®ts and risks, the reasons for withdrawal from the trial are reported together with the reasons for stopping and changing the treatments (nitrendipine, enalapril and hydrochlorothiazide) in the trial.
The rate of withdrawal of patients from randomized treatment in large placebo-controlled antihypertension trials has not been reviewed recently. This article therefore also compares the results in the Syst-Eur trial with withdrawal from the European Working Party on High Blood Pressure in the Elderly trial (EWPHE) [2] ; the Medical Research Council trial in subjects aged 35±64 years (MRC Middle Age) [3] ; the MRC trial of treatment of hypertension in older adults aged 65±74 years (MRC Elderly) [4] ; the STOP-hypertension trial (STOP) [5] ; and the Systolic Hypertension in the Elderly Program (SHEP) trial [6] .
Methods
The protocol for the Syst-Eur trial [7] and the main results [1] have been published in detail. To be eligible for the Syst-Eur trial patients had to be aged 60 years or more, and have an average sitting blood pressure (mean of six measurements over three visits, 1 month apart in a run-in phase) of 160±219 mmHg systolic and less than 95 mmHg diastolic. The average standing systolic blood pressure needed to be 140 mmHg or greater. Active treatment was nitrendipine (10±40 mg daily), with the addition of enalapril (5±20 mg daily) and, ®nally, hydrochlorothiazide (12.5±25mg daily) if required, to achieve a target sitting systolic blood pressure of less than 150 mmHg with a reduction from baseline of at least 20 mmHg. The control group received matching placebos.
Every individual entering the trial started with doubleblind treatment. The patient could then continue on double-blind treatment or transfer to open follow-up treatment, for example when a non-fatal terminating event occurred. Terminating events were de®ned in the protocol. The investigator also had the right to transfer a patient to open follow-up for reasons not speci®ed in the protocol and the patients themselves may have taken actions that resulted in open follow-up. Rarely, a patient was lost to follow-up completely: 4695 patients were randomized into the Syst-Eur trial, 935 (20%) were transferred to open follow-up and 124 (2.6%) were lost to follow-up [8] . In addition, 282 (6.0%) died [1] .
A proportion of patients stopped taking active nitrendipine and were followed in the per protocol analysis on either enalapril or hydrochlorothiazide or both [1] . Similarly, a number of patients given placebo nitrendipine stopped taking these preparations and received placebo enalapril, placebo hydrochlorothiazide or both. This paper reports the number and reasons for withdrawal from double-blind treatment and the number and reasons for withdrawal from active and placebo treatment during double-blind follow-up.
During the trial the End Point Committee evaluated all reasons for withdrawal.
Statistical method
When considering the reasons for withdrawal from randomized treatment, these totalled about 100. In view of the fact that numerous statistical tests could be made to test for active treatment±placebo differences, we decided not to employ formal statistical testing in this paper. In the text the reader's attention is drawn to differences in symptom side-effects that are more than twofold and are all statistically signi®cant at the 0.001% level, unless otherwise stated. Many of our ®ndings are ®rmly based on the well-known effects of the treatments employed.
Results
Withdrawal from the double-blind part of the trial Table 1 gives the reasons for withdrawal and shows that 1581 (69%) completed the trial in the placebo group compared with 1822 (76%) in the active group. The lower proportion on placebo was mainly due to patients being withdrawn by clinicians from the trial because of the blood pressure being too high in the placebo group (135 patients (6%) compared to 14 (0.6%)). In addition there tended to be more fatal events (87) in the placebo group than in the active group (73); and more non-fatal cardiovascular end points in the placebo group (101 compared with 76). The other reasons for withdrawal were infrequent and did not differ statistically between the groups. Three patients on placebo were withdrawn through ankle oedema, and six on active treatment; no patient was withdrawn from placebo for a cough but three were withdrawn on active treatment; and, similarly, no patients were withdrawn from the placebo group with¯ushing, but two were withdrawn from the active group. Overall 15% in both groups were withdrawn for reasons other than predetermined end points or cardiovascular problems identi®ed by the investigator. Table 1 All reasons for withdrawal from the double-blind part of the trial (intention-to-treat analysis). First reason given BP, blood pressure; IHD, Ischaemic heart disease; TIA, transient ischaemic attack. A total of 22 patients in the placebo group and 27 in the active group left the trial after 5 years but as this was the original trial length, they are recorded as completing the trial.
In addition to these reasons why the investigators withdrew patients, there were also patients who withdrew themselves from the trial; these were termed self-withdrawals'. There were 236 (10%) self-withdrawals in the placebo group and 212 (9%) in the active treatment group. Table 2 shows that this small difference was due to more patients reporting a high blood pressure or preferring a different treatment in the placebo group (36 and 23 patients) compared with the actively treated group (seven and 12 patients, respectively). The`other clinical problems' included ®ve withdrawals from active treatment due to¯ushing, compared with two in the placebo group. There was only a very small excess of withdrawals due to recognized drug side-effects and these withdrawals were too few to affect the quality of life and symptomatic enquiry estimates in the trial. However, it must be stressed that the Syst-Eur trial allowed the substitution of different treatments should adverse events occur.
Examining the results of both Table 1 and Table 2 , the major cause of withdrawal was blood pressure being too high; in addition 40 or more patients withdrew due to moving house; dysrhythmia or angina; and over 30 because of headaches or dizziness, preference for a different treatment or poor compliance.
Numbers stopping a particular drug but remaining on double-blind treatment
The numbers stopping the three drugs, nitrendipine, enalapril or hydrochlorothiazide and corresponding placebos at 2 years are given in Table 3 . This time point represented the average length of time for a patient in the trial. It must be noted that additional placebo treatment was indicated far more frequently than extra active treatment in an attempt to reach goal blood pressure, and that a longer period of follow-up was associated with taking three, rather than two or one, drugs. Thus 41% of those in the active group received enalapril compared with 61% receiving the corresponding tablet in the placebo group. Seventeen per cent of the active group also received hydrochlorothiazide, against 36% receiving the placebo equivalent in the placebo group.
Table 3 also shows that a higher proportion stopped active nitrendipine (15%) than placebo nitrendipine (7%), and similarly for active enalapril (20%) compared with placebo enalapril (9%), Neither active hydrochlorothiazide nor the placebo preparation was stopped in many patients, 6 versus 5% respectively. Table 4 gives the reasons for stopping placebo and active treatments for those patients still on doubleblind treatment after 2 years. Thirty-nine patients stopped active nitrendipine due to oedema (given as the ®rst reason in 3.9% of all those given the drug), and 28 stopped because of¯ushing (2.8%). These two symptoms were chosen for their large differences from the corresponding placebo results (0.5 and 0.3% respectively), and the fact that they explained over 70% of the active±placebo difference in stopping rates. For enalapril a cough was given as the ®rst reason for stopping (10%) compared with 1.5% on placebo. This also explained over 70% of the active±placebo difference. The stopping rates for hydrochlorothiazide did not differ between the active and placebo preparations. However, one patient developed hyperuricaemia and one gout in the actively treated group.
One other interesting observation can be made from Table 4 . It appears that when a symptomatic sideeffect is expected from active treatment, an excess number had this reason for stopping in the placebo group. Thus no cough was reported for stopping nitrendipine or hydrochlorothiazide placebo but eight subjects on placebo enalapril stopped this treatment. A similar observation may be made for oedema and ushing in the nitrendipine placebo group (four and three patients, respectively).
Discussion
Withdrawals from double-blind treatment were high and averaged 31% in the placebo group and 24% in the actively treated group. These results agree with the results of many long-term trials, ®ve of which are illustrated in Table 5 . Table 5 gives the withdrawal rates from randomized treatment in these trials but excludes deaths and predetermined cardiovascular end points. The Syst-Eur results are added to the table, after removing those who died or had a predetermined non-fatal cardiovascular end point, but including those withdrawn because of poor blood pressure control and Many patients withdrew from the double-blind SystEur trial for obvious and unavoidable reasons, such as blood pressure being judged to be too high. In this latter category, 53% were withdrawn according to a strict protocol, whereas the others were withdrawn without the criteria being met. Moreover, withdrawals were often made without trying triple therapy. The second-largest cause for withdrawal was when the patient decided not to continue in the trial. Most importantly, withdrawal from the trial was rarely due to symptom side-effects. However, this was due to the protocol allowing one treatment to be substituted for another when adverse symptom events were reported. A rigorous trial design of double-blind follow-up, to be replaced when necessary by open supervised follow-up or unsupervised follow-up, ensured that these patients were rarely lost to follow-up. Unfortunately few countries have registration systems that allow the automatic provision of death certi®cation information, and therefore some loss to follow-up was inevitable (2.6% of patients).
The numbers stopping a given active treatment over 2 years were surprisingly high for both nitrendipine and Analysis is con®ned to those followed on double-blind treatment after 2 years. a Six patients in both groups may not have been given nitrendipine or corresponding placebo; of these, the exact treatments were not known in three on placebo and ®ve on active treatment. 5  13  4  3  1  0  Dizziness  2  8  1  1  0  0  Other  5  6  6  5  0  2  Respiratory  Cough  0  1  8  41  0  0  Other  2  2  0  1  0  0  Skin problems  Flushing  3  28  0  0  0  0  Rash/itching/other  10  10  2  4  0  1  Gastrointestinal  5  5  3  3  3  1  Arthropathies/pain in limbs  3  11  0  0  0  0  Hyperuricaemia/gout  0  0  0  0  0  2  Miscellaneous  9  11  6  9  7  2  Total  61  151  48  84  16  11 BP, blood pressure; CNS, central nervous system.
enalapril. If up to a ®fth cannot continue on treatment in a randomized, controlled trial, the situation may be worse in the general`non-trial' setting, where commitment to treatment is not assured by the procedures of informed consent and investigation. The ability to switch treatments, however, must have reduced the withdrawals from the double-blind part of the trial. The reasons for withdrawal from the trial were not due to the adverse effects of treatment and, apart from predetermined end points of the trial and blood pressure levels, were similar in the placebo and actively treated groups. Investigator-initiated withdrawals predominated for the blood pressure being too high, dysrhythmia, angina, cancer and dementia. Patientinitiated withdrawals also included too high a blood pressure, but also moving house, transport problems, preference for a different treatment and family problems. Twenty-eight patients stated they no longer wished to be in the trial, 21 missed appointments and 30 were non-compliant. The patients also gave headaches, dizziness, malaise and oedema as reasons for withdrawal, but the symptomatic reasons did not clearly re¯ect the side-effects of the drugs. Combining both investigator-and patient-initiated reasons for withdrawal showed clearly the multitude of different reasons for withdrawal. Top of the list were: blood pressure too high on placebo, social problems, patients changing their minds about participation and clinical reasons such as dysrhythmia, angina and cancer.
Some reasons were avoidable, and we must ask what we have learnt for the future. Allowing treatment changes, and close follow-up with good care are probably the most important factors. Helping with transport, reassurance about symptoms, and encouraging good compliance should keep withdrawals to a minimum. In addition, the selection of centres that will continue to collaborate is important, as 31 patients had to be withdrawn as the centre withdrew from the trial.
A review of withdrawal rates in 11 short-term qualityof-life studies showed that even over 2±6 months, 14% will discontinue the dihydropyridine calcium antagonist nifedipine, 12% will discontinue propranolol but only 6% atenolol or an angiotensin converting enzyme inhibitor. The differential rates of withdrawal were attributed to adverse drug effects affecting quality of life [9] . Obviously a strategy to reduce withdrawals is to employ a drug that is free of adverse effects. Over a 2-year duration in the Syst-Eur trial, 15% discontinued nitrendipine, 20% enalapril and 6% hydrochlorothiazide. Thus, few patients stopped treatment with hydrochlorothiazide but a larger proportion stopped active nitrendipine and enalapril. The reasons for stopping active nitrendipine rather than placebo were oedema and¯ushing, and for active enalapril, cough. These ®ndings support the use of diuretics in the elderly.
Evidence for the prevention of withdrawal from a trial by allowing a change of treatment comes also from the Nordil Trial [10] . In this trial patients were randomized to diltiazem-based treatment (one group) or to a diuretic or â-blocker-based treatment (the second group). In the second group patients could change treatments, and therefore 93% remained in their randomized treatment group against 77% in the diltiazem group. The switching of treatment between â-blocker and diuretic treatment may have contributed to the low excess rate of dyspnoea in the â-blocker/diuretic group (1%; P 0.006), and the failure to report cold hands and vivid dreams in this group. In conclusion the withdrawal rates in those actively treated in the Syst-Eur trial were not excessive, and although the proportions developing various symptom side-effects were high, this burden would appear to be acceptable in view of the cardiovascular bene®ts. It is important to recognize that this burden should be described after taking into account both withdrawals and treatment changes. Trial reports that do not take these important factors into account will overestimate the true bene®t : risk ratio.
